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Gamma Irradiation and High 
Hydrostatic Pressure Applied to 
Hamburger Conservation
Michelle Guimarães Horta, Fabiana Regina Lima, 
Carlos Alberto Gois Suzart and Poliana Mendes De Souza
Abstract
Human nutrition is an essential process, since it provides the essential nutrients 
for their development. Animal source foods are rich in protein, amino acids, vita-
mins, and minerals. And they are subject to contaminants from the raw material to 
the final consumption. To avoid microbial contamination and deterioration, various 
technologies are used to ensure their innocuity. These include gamma irradiation 
and high hydrostatic pressure (HHP), which are nonthermal treatments. Such treat-
ments may reduce the known adverse effects that occur during thermal processing. 
In meat products, these technologies may induce lipid oxidation, and to limit this 
process, the addition of synthetic or natural food antioxidants or both are used. 
This chapter discusses the use of gamma irradiation, high hydrostatic pressure, and 
application of natural antioxidants in beef hamburger to ensure their quality.
Keywords: hamburger, gamma irradiation, high hydrostatic pressure,  
natural food additives, nonthermal technologies
1. Introduction
The nutrition is an essential process for humans as they provide the essential 
nutrients. Meat and meat products have a prominent position among foods in the 
human diet, since it is rich in high-quality protein, essential amino acids, B vita-
mins, minerals, and other nutrients [1, 2] . These nutrients are important in the 
formation of enzymes, hormones, antibodies, structural proteins, and transporters 
as well as in the construction and maintenance of tissues [3].
Meats are defined as muscle tissues, without or not include their bone base, and 
can come from different animal species as long as they are fit for consumption. 
Meat products are those obtained from meat, edible parts of different animal spe-
cies in which the properties of the raw materials are modified by means of physical, 
chemical, or biological treatment techniques or a combination of these methods [4]. 
These techniques in general may involve the addition of ingredients or co-adjuvants 
of technology for the production of industrialized meat.
The nutritional composition of meat and meat products favors the possibility 
microorganism’s proliferation [5]. Contamination of meat products may occur 
during processing and handling of food such as slaughtering, deboning, cutting, 
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fragmentation, processing, packaging, storage, and so forth. This may occur due to 
extrinsic and/or intrinsic factors such as water, air, soil, temperature, and pH [6, 7].
To improve food safety and quality, various technologies have been used and 
developed to preserve and protect food against microbial contamination and dete-
rioration. These technologies include nonthermal, thermal, biological, and chemical 
treatments. Thermal treatments are efficient in inactivation of microorganisms 
but have the disadvantage of generating unwanted biochemical reactions, since 
temperature-altered treatment favors changes in food quality. Texture, color, vitamin 
amounts, and development of unpleasant flavors are included in this change [8].
As an alternative to thermal treatments, the nonthermal treatments were devel-
oped. Among them, we can list gamma, electron, X-ray irradiation, high hydrostatic 
pressure (HHP), and the addition of natural antimicrobials [5]. These processes do 
not use temperature as a way to inactivate microorganisms and enzymes [8], and 
further generally, the nonthermal treatments do not affect their nutritional and 
sensory characteristics [8]. The use of nonthermal treatments in meats and deriva-
tives for industrial productions is shown in several studies that among them, the 
irradiation and HHP are the ones that offer practical possibilities of application [9].
The production of meat industrialized is a strategy for total or partial use of 
less noble meat. In this class of derivates, sausages, cured meat, ham, hamburger, 
meatball, and others are included.
The hamburger originated in the city of Hamburg, located in Germany, and 
this product was consumed raw. In the 1920s, it emerged in the United States. 
In Brazil, it arrived in the 1950s and became known after it was produced and 
distributed by fast food chain [10]. It is defined as a meat product, obtained from 
ground beef of different animal species, with or without the addition of ingredi-
ents, molded as a disc or an oval, and subjected to a specific technological process 
[4, 11]. Also, according to the US Federal Code of Regulation [12], the hamburger 
is defined as “fresh or frozen ground beef steak, with or without added fat and/or 
condiments, which should not contain more than 30% fat and should not contain 
added water.”
In relation to world beef production, the United States produces about 19%, fol-
lowed by Brazil with 17%, the European Union and China with 13% each, and India 
with 7% [13]. Brazil exports approximately US$ 500 million/month, being consid-
ered the largest exporter of beef [14]. In the year 2018, from January to September, 
23.47 million heads of cattle were slaughtered [15]. Research conducted by the US 
Department of Agriculture is estimated that in 2019, there will be a 3% increase in 
production and a 5% increase in beef exports in Brazil [16].
The quality, safety, and nutritional profile of beef depend on several factors, 
such as genetic characteristics and animal feeding, slaughter, processing, handling, 
and others [13].
This chapter discusses the use of emerging nonthermal technologies in meats 
and derivatives for industrial production, in highlighting among them the irradia-
tion and HHP, to ensure their sage consumption.
2. Nonthermal treatments
A discussion of the most representative nonthermal treatments is shown in this 
section. Further to the application of natural antioxidants among nonthermal treat-
ments, irradiation and HHP are the ones that offer practical application possibilities 
in meats and derivatives for industrial production [9]. Despite the efficiency of 
these nonthermal treatments in food conservation, they may favor lipid oxidation 
of meat products. To avoid this, there is a tendency to combine these treatments 
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with the use of natural antioxidants to reduce the sensory changes that are caused 
by oxidation [17].
2.1 Gamma irradiation
Irradiation is a physical treatment in which the food is exposed to a defined 
ionizing radiation dose. The purpose of this treatment is to control insect infesta-
tion, reduce the number of pathogenic microorganisms or deterioration, delay, or 
eliminate natural biological processes (ripening, germination, or sprouting in fresh 
foods) [18].
According to [19], irradiated foods were evaluated by several surveys and tests 
over several years, thus ensuring a safe food for consumption, in relation to nutri-
tional adequacy and toxicological and microbiological safety.
Before 1997, the use of irradiation was limited. However, after Food and Drug 
Administration (FDA) was approved of the use of irradiation in refrigerated or 
frozen meats and derivatives to control food-borne pathogens, the consumers began 
to check the benefits of irradiated food [20, 21].
Irradiation can be applied to any kind food. The Codex Alimentarius 
Commission [22] regulates that the maximum safe dosage for food in general is 
10 kGy, where the minimum dosage absorbed by the food must be sufficient to 
achieve the technological purpose and the maximum dosage absorbed must not 
compromise the consumer’s health or cause the food to be disposed of [22].
According to Codex Alimentarius Commission [22], there is no minimum 
dosage to be used in meats, but the corresponding maximum dosages of 4.5 kGy for 
refrigerated beefs, 7 kGy for frozen meats, and 3 kGy for poultry meats have been 
defined. In Brazilian legislation [23], it is defined for any food that the minimum 
dose should be sufficient to achieve the purpose, and the maximum should be lower 
than that which would compromise the functional and sensorial characteristics of 
the food.
According to Codex Alimentarius Commission [22] for irradiated foods, the 
radiation sources that can be used are gamma rays, the radionuclides 60Co, or 137Cs; 
X-rays generated with a maximum level of 5 MeV; and electrons generated with a 
maximum level of 10 MeV. These sources have high energy that changes the posi-
tion of the electrons of the atoms and molecules, converting them into electrically 
charged particles (ions). It should be noted that these energies are not capable of 
inducing radioactivity in any material [18].
Irradiation is considered one of the best emerging technologies to guarantee 
microbiological safety, in which any food can be irradiated, including meats and 
derivatives [18]. It is effective in eliminating or reducing pathogenic microor-
ganisms, such as Listeria monocytogenes, Salmonella spp., Escherichia coli, and 
Staphylococcus aureus [24].
Although the numerous advantages of the use of the irradiation in the foods, the 
use this process in the meat products may favor physicochemical and biochemical 
alterations, as for example the lipid oxidation increase. This oxidation is charac-
terized by the formation of free radicals, that is, it is initiated in the unsaturated 
fraction of fatty acids by the uptake of a hydrogen atom and propagated as a radical-
mediated chain reaction. This process depends on the chemical composition of the 
meat and access to light, oxygen, and storage temperature. As it causes the increase 
of oxidation, there are changes in taste, aroma, and nutritional value changes that 
affect the quality of the food [25–27]. The addition of antioxidants may contribute 
to the reduction of this process [28].
Regarding the label of the irradiated food, according to the Codex, food 
that goes through the irradiation process must include on the label a statement 
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indicating that the treatment has taken place and may optionally use the inter-
national symbol available [29]. However, under US law, the symbol must be used 
and must be declared: “Treated with radiation” or “Treated by irradiation.” The 
Brazilian regulation should include in the main panel the words “FOOD TREATED 
BY IRRADIATION PROCESS” [23].
Table 1 shows data from the study by Kume et al. [30] that reported the quantity 
of meat and fish products that were irradiated in the listed countries.
In a research conducted by Chirinos et al. [31], samples of industrialized ham-
burger inoculated with Escherichia coli O157: H7 were subjected to the irradiation 
process. It was found that at low doses (1.08 kGy), it was sufficient to reduce the 
microorganism, without rejection by the trained tasters.
It was evaluated by Moura [32], the oxidation of cholesterol in beef burgers and 
chicken burgers submitted to irradiation and stored under freezing conditions. 
It was found that there was an 11% increase in cholesterol oxide levels in frozen 
burgers.
Frozen chicken hamburger was inoculated with Salmonella sp. and irradiated 
in a study conducted by Vieira [33], and it was found that dosages of 5 and 7 kGy 
would be sufficient to reduce the population of Salmonella sp. Sensory evaluation 
did not change significantly, and shelf life was 120 days the same as the conven-
tional product.
2.2 High hydrostatic pressure
The effect of high hydrostatic pressure (HHP) processing was first reported 
in 1899 by Hite [34]. This process uses an isostatic pressure at room temperature 
between 100 and 600 MPa. The pressure in the closed and degassed chamber is 
transmitted by pumps through a liquid (usually uses water) uniformly and instan-
taneously, which causes the molecular volume to change. The physical effect of the 
process occurs in the molecules, in which bonds that are weaker, such as those of 
hydrogen and hydrophobic, are modified [9].
The behavior of food under pressure is determined by three principles: Le 
Chatelier principle (any reaction that is accompanied by the decrease in volume 
and increased by pressure); principle of microscopic ordering (increasing pressure 
increases the order of molecules at constant temperature); and isostatic principle 
(foods are subjected to uniform pressure from all directions and return to their 
original shape after release of pressure) [35].
High hydrostatic pressure processing has been used in the industries for the pro-
cessing and preservation of meats and meat products. Its application can inactivate 
Country Irradiated meat and fish (tons)
The United States 8000
Belgium 5530
France 2789
The Netherlands 944
Indonesia 1008
Vietnam 14,200
Total 32,471
Table 1. 
Quantity of meat and fish products that were irradiated in some countries.
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pathogenic microorganisms and enzymes, increase shelf life, and maintain sensory 
quality [8, 35]. When compared to thermal treatments, the main advantage of this 
process is the maintenance of the sensorial and nutritional characteristics of the 
treated foods. With the wide application of this process, it is possible to develop 
value-added foods with better quality and shelf life compared to those produced in 
a conventional way [35].
Some of the important achievements in the treatment of meat product as 
chicken, pork, and beef processed by using HHP were presented in the works of 
[36–38], respectively.
The work of [36] applied HHP with control parameters 300 MPa for 5 min, 
at 20°C on fresh chicken breast fillets, and indicated that modified atmosphere 
packaging maintained their sensory attributes, color, tenderness, and microbio-
logical quality. High hydrostatic pressure processing applied by Grossi et al. [37] 
indicated that treatment with 600 MPa for 6 min in pork affected the myofibrillar 
protein degradation pattern due to the increase of cathepsin activity. It was reported 
by Sanchez-Basurto et al. [38] that the HHP preserved raw meat over a longer-time 
period without significant difference of texture, tenderness, and color using the 
control parameters 172–620 MPa and 1–5 min in treatment.
In general, nonthermal technologies are not stand-alone techniques, and in 
order to improve the inactivation rates, several authors have proposed that HHP 
treatments are applied in combination with natural bioactive compounds, of which 
many originate from distinct natural sources [17].
In the work of Kalchayanand et al. [39], HHP treatment was used in roast beef 
samples inoculated with a mixture of clostridial spores that could be stored for 
42 days at 4°C. It was observed that combined treatment of HHP and vacteriocin 
controlled the growth clostridium spores and extended the shelf life of roast beef 
for 84 days and can be stored at the same condition.
Different conditions for cooked ham were considered in the works of [40–42]. 
These studies compare samples submitted only to HHP treatment and in combina-
tion with some antimicrobials. The results reported by the authors generally show 
control of pathogen growth and increased shelf life.
A wide range of studies have been conducted to determine and enhance the 
efficacy in the combination of antimicrobial compounds with HHP treatments in 
the inactivation induced by pressure of pathogenic microorganisms. More details of 
the main recent results can be found in the work of [17].
2.3 Natural antioxidants
Lipid oxidation is the main cause for loss of sensory quality in meat products 
[28]. It is a chemical process that generates unpleasant odors, deterioration of the 
color, texture, and nutritive value of meat and meat products, which diminishes 
consumer acceptance, since the main attribute for evaluation of the food by the 
consumer is their appearance [1].
Meat proteins are also susceptible to oxidative reactions during heating and stor-
age, and these reactions damage membranes and cellular functions, altering water 
retention, color, and reducing essential amino acids [1, 2].
To avoid the development of oxidative reactions, the industries use synthetic 
and natural antioxidants. Antioxidants have the functions of delaying or preventing 
oxidation processes, for example, in the elimination of free radicals. In this way, it 
will increase the shelf life and maintenance of food quality and safety [26, 43].
There are laws that regulate the use of antioxidants in food products. Sodium 
isocyanurate, butylhydroxyanisole (BHA), and butylhydroxytoluene (BHT) have 
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been used in meat products. There are studies that show that synthetic antioxidants 
have the potential to cause toxicological effects, so it may be desirable to replace 
conventional antioxidants with natural antioxidants [25, 27, 43, 44].
These natural antioxidants are extracted in the form of extracts from different 
sources such as fruits (grapes and pomegranate), vegetables (broccoli and potatoes), 
herbs, and spices (tea, rosemary, oregano, cinnamon, sage, thyme, mint, ginger, and 
clove) [27]. The antioxidant, antimicrobial, and antifungal properties of these spices 
and extracts are mainly related to their bioactive components, such as phenolic 
compounds, flavonoids, vitamins, minerals, carotenoids, and phytoestrogens [1, 25].
Table 2 lists some studies that used natural extracts in meat and meat products.
In meat and poultry products, rosemary extract (Rosmarinus officinalis) is one 
of the most studied natural antioxidants, and its efficiency in turkey meat, ground 
beef, and pork has been reported [43].
The antioxidant activity of rosemary extract has been associated with the pres-
ence of several phenolics, such as carnosic acid, carnosol, rosmanol, and rosmari-
diphenol, which has the function of breaking free-radical chains by electron and 
metal ion donation [25]. However, rosemary extract can be extracted from leaves 
and branches [27].
The use of synthetic and natural antioxidants helps to preserve the desirable 
characteristics of food. It is important to emphasize that when using a natural anti-
oxidant, it is important to evaluate its impact on the sensorial analysis and quality 
of the final product [2, 43].
3. Conclusions
Consumers want to purchase quality meat products that are safe, nutritious, 
and natural, with appropriate appearance and flavor. To ensure the innocuity of 
products to consumers, various technologies and treatments can be used to achieve 
this result, such as nonthermal treatments, which ensure a safe and better quality 
product. In addition to these, treatments can use natural antioxidants to ensure 
a food with its natural characteristics. However, further studies are necessary to 
Source of 
antioxidant
Products Main results References
Plum Irradiated turkey breast Reduced lipid oxidation [45]
Precooked roast beef [46]
Grape seed 
extract
Precooked sausages Kept the odor of fresh meat cooked and 
longer flavor
[47]
Pomegranate Chicken patties 
(hamburgers)
Reduced TBARS [48]
Cooled chicken meat [49]
Rosemary Frozen beef 
hamburgers
Red color stability during storage [50]
Irradiated frozen beef 
hamburgers
Reduced lipid oxidation [25]
Oregano Irradiated frozen beef 
hamburgers
Decreased lipid oxidation, but not as 
efficient when compared to rosemary 
extract
[25]
Table 2. 
Natural extract used in meat and meat products.
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check the advantages and disadvantages of the beef hamburger irradiation process 
as well as in the use of combined processes may be involving the freezing, addition 
of natural antioxidants and irradiation.
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